The construction and evaluation of allogeneic common carotid artery transplantation model in rats and explore the effects of atorvastatin on this model by 乔伟桐
  
学校编码：10384                                            密级       
学号：24520141153499 
 
 
 
 
硕  士  学  位  论  文 
 
大鼠同种异系颈总动脉移植模型的构建和
评价及初步探讨阿托伐他汀对 
本模型的影响 
The construction and evaluation of allogeneic common 
carotid artery transplantation model in rats and  
explore the effects of atorvastatin on this model 
 
乔 伟 桐 
指导教师姓名： 李 卫 华 教 授 
专 业 名 称： 内科学心血管方向 
论文提交日期： 2017年 4月 
论文答辩日期： 2017年 5月 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
       
 
   
 
大
鼠
同
种
异
系
颈
总
动
脉
移
植
模
型
的
构
建
和
评
价
及
初
步
探
讨
阿
托
伐
他
汀
对
本
模
型
的
影
响   
 
指
导
老
师 
李
卫
华
教
授 
   
   
厦
门
大
学
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
厦门大学学位论文原创性声明 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文
中以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活
动规范（试行）》。 
另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写
课题或课题组负责人或实验室名称，未有此项声明内容的，可以不作
特别声明。） 
 
声明人（签名）：             
          年   月   日 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
厦门大学学位论文著作权使用声明 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法》
等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文（包括纸质版和电子版），允许学位论文进入厦门大学图书馆及
其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、
硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇
编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 
（     ）2.不保密，适用上述授权。 
（请在以上相应括号内打“√”或填上相应内容。保密学位论文应
是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密委
员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认为
公开学位论文，均适用上述授权。） 
 
声明人（签名）：             
          年   月   日                                        
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘 要 
 
 I 
摘 要 
研究目的 
    近年来各外科器官移植手术、心血管内科介入手术、心脏外科血管搭桥手术
广泛开展，这些手术有一些共同的特点，无论是外来的移植器官、金属支架，或
是自体的静脉移植，都会在术后引起强烈的炎症反应。器官移植是治疗终末期器
官衰竭的有效办法，然而，外来移植物可引起强烈的炎症反应和排斥反应，并且
移植物也会反过来影响宿主的生活状态；心内科介入手术植入的金属支架尽管不
会引发强烈排斥反应，但也会导致无菌性炎症反应；而心脏搭桥血管虽然常取自
自体静脉，但是术后也会发生静脉血管动脉化的转变，这一过程中同样涉及复杂
的炎症反应。因此，上述几类术后宿主针对移植物的各种排斥反应和炎症反应以
及移植物对宿主的各种不良影响逐步受到人们的关注。移植物能否长期保持功能
正常和宿主的远期生活质量问题成为了临床需要面对的一大障碍。他汀类药物作
为一类强效血脂调节药物目前广泛应用于临床，近年来的研究发现，它具备抗炎、
抗氧化、延缓动脉硬化的能力，甚至在逆转动脉硬化粥样斑块方面都有一定的效
果。能否将他汀类药物用在抵抗移植物对宿主产生的各种不良影响上是一种全新
的应用思路。因此，创建一种移植物对宿主造成不利影响的动物模型是必要的，
我们试图构建大鼠的同种异系颈总动脉移植模型，并初步探索阿托伐他汀抵抗移
植物对受体动物不良影响的能力，以期对后续的深入研究甚至临床应用提供一定
的理论依据。 
实验方法 
1、构建动物模型：选取清洁级6-8周龄雄性SD大鼠和Wistar大鼠作为模型的
实验动物，大鼠体重介于200-250g之间，SD大鼠为供体，Wistar大鼠为受体。10%
水合氯醛按照0.004ml/g的剂量腹腔麻醉，SPF级移植手术室，均为右侧颈总动脉
原位移植。手术全过程需要完全在显微镜下独立操作。 
2、动物模型的评价：采用体重、血清炎症因子、血清血脂水平、移植动脉
形态学变化几个指标进行观察。设立移植实验组（n=5）和对照组（同期雄性Wistar
大鼠，n=5），分别在T0（术前或对照第0日）、T7（术后第7日或对照第7日）、
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T30（术后第30日或对照第30日）、T45(术后第45日或对照第45日)、T60(术后第
60日或对照第60日)进行上述指标的数据收集和整理。 
3、正式实验：第一组：选取雄性Wistar大鼠200-250g按标准正常饲养，作
为对照组（n=4）。移植手术动物选择依旧为：雄性清洁级SD大鼠作供体，同等
条件的Wistar大鼠作受体。为防止术后动物意外死亡，手术做12对。第二组：来
自移植术后的受体动物，不加用阿托伐他汀干预，但要用与第三组药物混悬液等
容量的超纯水灌胃，作为移植对照组（n=4）。第三组：来自移植术后的受体动
物，加用大剂量阿托伐他汀干预，药物用量为：10mg/kg/d，用药方法为：阿托
伐他汀与超纯水混悬液灌胃，作为移植+给药组（n=4）。类似的，在T0、T7、T30、
T45、T60五个时间点收集三组大鼠体重、血清炎症因子、血清血脂水平、移植动
脉形态学变化等指标的数据。 
4、数据整理，使用IBM统计软件SPSS 24.0进行相应统计分析，使用Graph Pad 
Prism 7.0 进行统计图表的制作。 
实验结果 
1、动物模型构建及评价：这一部分的实验相对成功的构建了移植后引发宿
主炎症反应和血脂异常的一种动物模型。体重、血清炎症因子、血清血脂四项水
平等指标的观测均为同一受试对象在T0、T7、T30、T45、T60五个不同时间点上
的变化，因此统计方法为：重复测量资料的方差分析。分析两组大鼠体重的变化
显示：移植手术后大鼠体重增长明显高于非手术组，两组比较具有统计学意义
（P<0.01）。炎症因子的观测结果表明，移植手术组大鼠术后血清中TNF-α和IL-6
的含量变化相对非手术组具有显著统计学意义（P<0.01）。TNF-α和IL-6均有两
次增长高峰，第一次见于术后一周内，其可能反映了由于外来移植物引发的较为
强烈的急性排斥反应，第二次见于两月内的缓慢升高，其可能反映了宿主免疫系
统针对移植物的慢性排斥反应过程。血清血脂水平变化的检测结果提示，移植术
后大鼠血中甘油三酯TG、总胆固醇TC、低密度脂蛋白胆固醇LDL-C三项指标出现
较明显变化，呈现明显上升趋势。对照组大鼠对应三项则变化则相对平缓，维持
在正常范围内波动，结果均有统计学意义（P<0.01）。而高密度脂蛋白胆固醇HDL-C
的结果显示两组大鼠无明显区别（P>0.05）。具体原因可能涉及到炎症、免疫排
斥等方面，需要更为深入的研究。形态学的改变也基本符合预期，虽然油红O染
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色未能见到明确的动脉粥样硬化斑块，但是染为橘黄色的部分仍然提示动脉内膜
的脂质沉积改变，与血脂的变化相符合。本部分实验相对成功的构建了一种移植
术后研究移植物对宿主不良影响的模型，尽管有一定的免疫排斥，但最终没有严
重影响受体动物生存。 
2、阿托伐他汀给药结果及评价：通过高剂量阿托伐他汀连续60日灌胃动脉
移植术后大鼠，我们发现，高剂量他汀不仅有传统高效降脂作用，同时显现出了
优良的抗炎特性，无论是炎症因子的变化，抑或形态学结果都支持这一表现。移
植+给药组的血清TNF-α和IL-6比移植对照组明显降低（P<0.01），移植+给药组
整体血脂水平也明显比移植对照组降低（P<0.01），形态学变化三组结果也支持
这一结论。本部分实验明确了他汀除了传统强效降脂作用外，在改变移植物对宿
主不良影响上也发挥明确作用。 
结论 
1、本实验较为成功的构建了一种研究移植术后移植物对宿主不良影响的动
物模型。但是模型依然存在：手术难度较高、死亡率较高的缺点。 
2、他汀类药物对于减轻移植术后炎症反应及改变移植物对宿主不良影响有
较明显的作用。然而，动物实验的结果只能作为参考，真正临床上的疾病更复杂，
需要进行更广泛和深入的研究。 
 
关键词 
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伐他汀 
 
 
 
 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
 
 IV 
Abstract 
Research Objective 
In recent years, solid organ transplantation, cardiovascular interventional surgery 
and coronary artery bypass surgery have been widely carried out, these procedures 
have some common characteristics, whether it is the transplant organs, metal stents, or 
autologous vein graft, they are all cause a strong inflammatory response after surgery. 
Organ transplantation is an effective way to treat end-stage organ failure, but exotic 
grafts can cause a strong rejection and inflammatory response, and the grafts will also 
affect the state of the host；in interventional surgery, the implantation of metal stent 
won't cause a strong rejection, but will lead to aseptic inflammation; as for the 
coronary artery bypass surgery, although the bypass blood vessels are often taken 
from the autologous veins, the venous arterialization will still take place after the 
operation, and a complex inflammatory response are also involved. Therefore, people 
have been gradually pay attention to the various types of rejection and inflammatory 
responses in postoperative hosts on grafts and the various adverse effects of grafts on 
hosts. Whether the grafts can maintain a long-term stable function and the long-term 
quality of life of hosts have been a major clinical obstacle. Statins are currently used 
as a treatment for lowering blood lipids in clinical practice. In recent years, studies 
have found that statins have certain effects in anti-inflammatory, anti-oxidative, 
delaying atherosclerosis and even reversing atherosclerotic plaque. Therefore, it's a 
new idea that whether can we use statins as the resistance to the various adverse 
effects of grafts on hosts. It is necessary to establish an animal model to try to focus 
on the adverse effects of grafts on the hosts. We try to construct the model of 
allogeneic arterial transplantation in rats and try to explore the effects of atorvastatin 
as a resistant on the adverse effects of the grafts on recipient animals. And we hope 
our research may provide a certain theoretical basis to further researches and even 
more clinical applications of statins. 
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Experimental Methods 
1. The Establishment of Animal Model: 6-8 weeks old male SD rats and Wistar 
rats were selected as model animals. The rats were weighing 200-250g, SD rats were 
donors and Wistar rats were used as recipients. 10% chloral hydrate with the dose of 
0.004ml / g intraperitoneal injection anesthesia, SPF transplantation operating room, 
all the operations are right common carotid artery orthotopic transplantations. 
Surgeries are completed under microscope by single individual. 
2. The Evaluation of Animal Model: body weight of rats, serum inflammatory 
factors, serum lipid levels and transplanted arterial morphological changes were 
selected as observation targets. We established the transplantation group (n = 5) and 
control group (male Wistar rats, n = 5). In T0 (preoperative or control observation day 
0), T7 (postoperative day 7 or control observation day 7), T30 (postoperative day 30 
or control observation day 30), T45 (postoperative day 45 or control observation day 
45) and T60 (postoperative 60 days or control observation day 60), data were 
collected from the above observation targets. 
3. Formal Experiment: Group 1: select male Wistar rats body weight 200-250g in 
normal feeding as usual, set group 1 as Control Group (n = 4). Transplantations was 
still with clean male SD rats as donors, clean male Wistar rats as recipients. To 
prevent the bad influence of postoperative animals got accidental death, surgeries will 
undergo 12 pairs. Group 2: rats are all from post-operation animals, without the use of 
atorvastatin intervention, but with ultra-pure water gavage, which the capacity is 
equal to the drug suspension from group 3, set group 2 as the Transplant Control 
Group (n = 4). Group 3: rats are all from post-operation animals, with a high-dose 
atorvastatin treatment, drug dosage: 10mg/kg/d, medication: atorvastatin and 
ultra-pure water suspension gavage, set group 3 as Transplant + Treatment Group (n = 
4). Similarly, data were collected from the above observation targets in T0, T7, T30, 
T45 and T60. 
4. Data Analysis: use the IBM statistical software SPSS 24.0 for corresponding 
statistical analysis, use the Graph Pad Prism 7.0 for statistical charts.  
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Experimental Results 
1. Construction and evaluations of the animal model: in this part of the 
experiment we tried to construct an animal model of inflammation and dyslipidemia 
caused by transplantation, and the result was not bad. The data of body weight, serum 
inflammatory factors and blood lipid levels were all from T0, T7, T30, T45 and T60 
these 5 different time points. Therefore, the Analysis of Variance of Repeated 
Measurement Data was selected as the statistical method. The changes of body weight 
in the two groups showed that the weight gain of the rats after transplantation was 
significantly higher than that of the control group, the comparison between groups 
was statistically significant (P <0.01). The results of inflammatory factors showed 
that the levels of TNF-α and IL-6 in the serum of the transplanted rats were 
significantly higher than those in the control group (P <0.01). Both serum TNF-α and 
IL-6 showed two growth peaks, the first one was seen within one week after surgery, 
which may reflect the graft-induced acute rejection, the second one was seen after a 
slow rising in two months, which may reflect the chronic rejection from host immune 
system on graft. The serum triglyceride (TG), total cholesterol (TC) and low density 
lipoprotein cholesterol (LDL-C) were significantly higher in the transplanted rats than 
those in the control group, showed a clear increasing trend. The changes of the above 
three in the control group were relatively gentle and maintained within the normal 
range, results of the comparison between groups were statistically significant (P 
<0.01). The result of high density lipoprotein cholesterol (HDL-C) showed no 
significant difference between the two groups (P> 0.05). Specific reasons may be 
related to inflammation, immunological exclusion and still need more in-depth study. 
Morphological changes are also in line with expectations, although oil red O staining 
failed to show a clear atherosclerotic plaque, but the orange staining part of the 
arterial intima still showed the lipid deposition, and this change is basically consistent 
with changes in blood lipids. In this part of the experiment, we have successfully 
constructed a model for studying the adverse effects of grafts on recipient animals 
after transplantation. Although there was immune rejection, it does not affect the 
survival of recipient animals seriously. 
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2. Results and evaluations of atorvastatin treatment: through high-dose 
atorvastatin for 60-day’s gavage treatment of arterial transplantation rats, we found 
that high-dose statins not only have an effective lipid-lowering function, but also 
showed a great anti-inflammatory property, whether the inflammatory factors, or the 
morphological changes were all support this result. The levels of serum TNF-α and 
IL-6 in the Transplantation + Treatment Group were significantly lower than those in 
the control group (P <0.01), and the levels of blood lipids in this group was 
significantly lower than that in the control group (P <0.01). In this part of the 
experiment, we made it clear that statins played an important role in resisting the 
adverse effects of grafts on hosts besides the traditional strong lipid-lowering effect.  
Conclusion 
1. In this study, we have successfully constructed an animal model to study the 
adverse effects of grafts on hosts after transplantation. But the model still exists the 
following disadvantages: the skills of surgery is kind of hard to handle, the mortality 
rate is a little bit higher.  
2. Statins have an obvious effect in reducing the inflammatory response after 
transplantation and resisting the adverse effects from grafts on hosts. However, the 
results of animal experiments can only be used as a reference, the real clinical 
diseases are more complex, and we still need more extensive and in-depth studies to 
understand the exact mechanism of statins.  
 
Key Words  
    Solid Organ Transplantation, Chronic Rejection, Inflammatory Response, TNF-α, 
IL-6, Arterial Transplantation Rat Model, Atorvastatin 
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 1 
第一章 前言 
器官移植（Solid Organ Transplantation）目前已经成为治疗多种疾病终
末期的一种有效方案。对于移植后的器官来说，能否保证长期的功能稳定仍然广
受急性排斥反应（Acute Rejection）和慢性排斥反应（Chronic Rejection）的
困扰。器官移植术后，在免疫因素和非免疫因素的联合作用下，可迅速形成将移
植物包裹其中的排斥反应和炎症反应微环境[1]。器官移植术后，移植器官功能失
常的主因就是急性排斥反应和慢性排斥反应。目前，主流观点认为免疫系统对移
植抗原的免疫应答强度决定了排斥反应的类型，但也有其他研究认为，在受体动
物身上尽管已经出现了针对移植物的免疫反应，但移植物的自身状态才是决定排
斥反应类型的主要因素[2]。但无论如何，排斥反应都是伴随移植物终生的不可避
免的因素，目前临床医学在免疫抑制剂方面已经有了长足的进步，近年来出现了
很多可行的免疫抑制治疗策略，器官移植后的急性排斥损伤已经降到了较低的水
平。致力于研究移植物长期生存和维持正常功能的临床治疗方案也有不少，然而，
由于免疫抑制剂主要针对急性排斥反应有效，而对于慢性排斥大多收效甚微，移
植物远期功能丧失仍旧是一个大问题[3]，慢性排斥反应的逐步进展依然是移植物
远期生存的重大阻碍[4-6]。 
慢性排斥损伤（Chronic Rejection Injury）是一个多因素参与的慢性病理
进程，包含了免疫因素和非免疫因素的参与。 
移植物损伤的主要原因是宿主免疫系统对移植物的慢性排斥反应，该损伤过
程不单是免疫细胞（如T细胞激活）活化，也不单是抗体介导，虽然在引起移植
肾脏晚期功能衰竭的因素中，很多是由抗体介导的慢性排斥反应引起[7]，但更多
的损伤过程是由免疫细胞活化和抗体介导两者共同作用引起[8-13]。 
非免疫因素如缺血后再灌注时生成的大量氧自由基、血压偏高、血脂异常、
某些免疫抑制剂的毒性副作用等都会导致移植物的慢性功能丧失[11, 14-19]。移植物
慢性排斥损伤进程的重要表现之一是血管内膜平滑肌增生引起的动脉粥样硬化
进展过程，逐渐发展为缺血性损伤和纤维化。 
慢性排斥损伤的共同表现：慢性炎症和血管损害。尽管各种类型的器官移植
后有不同的组织损伤情况，但各种慢性排斥有共同的炎症反应和血管损伤表现。
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